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1.0  INTRODUCTION

Fort Hood is an active U.S. Army installation occupying 217,551 acres (339 square miles) in southern
Coryell and Bell Counties in central Texas.  It is situated 60 miles north of Austin, and about 50 miles
south of Waco.  The installation is located north of and adjacent to the city of Killeen, east of and
adjacent to the city of Copperas Cove, and four miles south of the city of Gatesville.  A vicinity map is
shown in Figure 1.1.

Fort Hood began operations in 1942.  Robert Gray Air Field, originally operated by the Air Force as
Robert Gray Air Force Base, was established in 1947 (U. S. Army 1996a).  Fort Hood's mission is
training, testing, and deployment of military personnel and equipment.  The post is commanded by the III
Corps Commander.  Currently, the post supports two full armored divisions (the 1st Cavalry and 4th
Infantry Divisions).  Forty-three thousand military personnel are stationed there; and an additional 30,000
family members, civilians, volunteers, and private-sector employees also live or work at Fort Hood (U.S.
Army 1996b).  Among the military assets of Fort Hood are approximately 2,500 tracked vehicles, over
11,000 wheeled vehicles, six fixed wing aircraft, and 230 rotary-wing aircraft.  The post has 67 active
firing and demolition ranges.  

The Fort Hood military reservation is regulated under the Resource Conservation and Recovery Act
(RCRA) as a hazardous waste management facility.  Fort Hood has a RCRA permit to operate three
hazardous waste storage units.  The RCRA permit requires that Fort Hood perform a RCRA Facility
Investigation (RFI) for 40 solid waste management units (SWMUs) listed in the permit.  These SWMUs
are distributed across the military reservation, in the main cantonment, West Fort Hood, and North Fort
Hood.  They include former solid waste landfills and burial sites, former and inactive underground
storage tank locations, active wash rack/sewer systems, effluent ponds, and a sanitary sewer network.  An
installation map is shown in Figure 1.2.

This report describes the collection and analysis of data from SWMU FH-023, Old Fire Training Area,
one of 35 SWMUs investigated during the RFI conducted November 1996 through September 1997.  FH-
023 is located  in West Fort Hood immediately south of Building 90094, an aircraft hangar facility.

1.1 BACKGROUND

FH-023 is approximately four acres in size and is the original fire training area in West Fort Hood.  The
fire training pit was located in an open area of limestone-derived soil.  The unit was operated between
1960 and 1980 and was used for fire fighting exercises.  Used oil was dumped directly on the ground,
ignited, and extinguished as part of the training.  The area was excavated and re-graded as part of the
construction of Building 90094 in 1986.  

1.2 SCOPE AND OBJECTIVES

The objective of the RFI at FH-023 was to determine if operations at the Old Fire Training Area may
have caused contamination to be released to the environment and, if contamination is present at the site,
to characterize the potential source and extent of contamination.  This report assesses the nature of soil
contamination at the site and evaluates what, if any, additional investigation is necessary.

The specific objectives of the investigation of FH-023 were as follows:

? determine the presence or absence of contaminants in soils at the old fire training area;
? determine the lateral boundaries of the fire training area and the vertical and lateral extent of soil

contamination, where practicable;
? characterize the migration potential of any contaminants identified in the surface and subsurface

soils;
? determine if groundwater is present below the site and if present, determine if it is contaminated; 
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? evaluate the potential human health risks associated with contaminants detected in surface and
subsurface soils; and 

? determine what, if any, corrective measures are needed to address contamination associated with
SWMU FH-023.

The approach to the RFI included field sampling and laboratory analysis of surface and subsurface soils.
The sampling and analysis program was conducted in accordance with the Final RCRA Facility
Investigation Work Plan for Fort Hood Site FH-023 (USACE 1995).  
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2.0  ENVIRONMENTAL SETTING

The material presented in this section describes the physical characteristics of FH-023 and its
surroundings.  The geology, physiography, and climate are presented using regional and site-specific data
where available.

2.1 PHYSIOGRAPHIC SETTING

Fort Hood is located within the eastern edge of the Lampasas Cut Plains region of the North-Central
Plains physiographic  province.  The topography of Fort Hood consists of small stream valleys separated
by ridge-forming mesas.  Relief is as great as 340 ft.  The Black and Blackwell Mountains are prominent
features north of the main cantonment, as are Seven Mile Mountain at West Fort Hood, and the Dalton
Mountains southwest of North Fort Hood.  A topographic map of West Fort Hood is provided in Figure
2.1.

Local relief on West Fort Hood is generally is 60 ft, ranging in elevation from approximately 1,040 feet
above mean sea level (msl) along the western edge to about 980 feet above msl along the eastern edge.
The ground surface slopes gently to the northeast across the west cantonment.  Local relief at SWMU FH-
023 is relatively flat, with the exception of the small hill on the eastern edge of the site.  The site is
located at an approximate elevation of 1,000 feet. The site is drained to the northwest by an unnamed
tributary of Clear Creek. 

The rivers, streams, and creeks that constitute the main surface water pathways at Fort Hood are shown
on Figure 1.2.  The southern portion of the west cantonment is drained by Reese Creek.  Reese Creek
flows southeast to the Lampass River south of Fort Hood and drains into Stillhouse Hollow Lake.  The
north portion of the west cantonment drains into Clear Creek upstream from the main cantonment.

2.2 GEOLOGIC CONDITIONS

A summary of the geology of the Fort Hood area relevant to this RFI is adapted from the Final RCRA
Facility Investigation Work Plan, 35 Solid Waste Management Units, Fort Hood, Texas (USACE 1995).
Relevant  information on the occurrences of soils and bedrock has been incorporated to further
characterize the geology of FH-023 and its surroundings.

2.2.1 Bedrock

Lower Cretaceous marine sedimentary rocks make up the stratigraphy underlying Fort Hood.  The
Fredericksburg Group consists of several stratigraphic  units.  The Walnut Formation is the lowermost unit
of the Fredericksburg Group and is the dominant stratigraphic unit in the main cantonment.  It consists of
shales with interbedded limestone, chalky nodular limestone, and shell aggregates.  The fossiliferous
Walnut Formation is exposed in many locations at Fort Hood.  It varies in thickness from 100 to 150 ft
(BEGM 1979).  The Comanche Peak Formation and an undifferentiated unit overlie the Walnut
Formation, but are present at the surface only north of the main cantonment in the Black and Blackwell
Mountains, and on West Fort Hood on Seven Mile Mountain.  Bedrock dips gently to the southeast
throughout the area.  Inactive faults are present in the subsurface to the east of Fort Hood along the
Balcones Fault Zone, which runs through Bell, McLennan, and Hill Counties.

2.2.2 Unconsolidated Materials

Unconsolidated clay soil overlies the Walnut Formation in the west cantonment area (USACE 1995).
The thickness of the overlying clay ranges from 0 to 12 feet, and the thickness of the Walnut Formation is
approximately 150 feet (BEGM 1979).  The Paluxy, Glen Rose, and Travis Peak formations under the
Walnut 
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Formations.  Directly east of the cantonment, in the topographic highs of Seven Mile Mountain, the
undifferentiated unit and the Comanche Peak Formation of the Fredericksburg Group are exposed.

2.3 CHARACTERIZATION OF SOILS  

In many areas of the west cantonment, silty or sandy clay soils overlie bedrock.  Soils similar to silty or
sandy clay can be expected in the flood plains, and soils similar to silty sand and sandy clay with rock
fragments can be expected in upland areas.  In general, these soils have low permeabilities (USDA
1985a,b).  They range in thickness from 15 to 20 ft.  

2.4 CHARACTERIZATION OF CLIMATE

The climate of the Fort Hood-Killeen area can be characterized as semi-arid continental.  Winters
(December-March) are mild, with the average daily maximum temperature in January  (the coldest
month) reaching 60o F.  Below-freezing temperatures occur on an average of 23 days per year.  The
normal daily winter temperature range is 42 to 62o F.  At times, strong northerly winds accompanied by
sharp drops in temperature occur during the winter months.  Summers (June-September) are hot and dry.
The average daily maximum temperature in August, the hottest month, reaches 95.9o F.  The normal daily
temperature range for summer is 75 to 95o F.  The average daily temperature in Killeen is 68.1o F.

Average annual rainfall in the Killeen area is 30.4 inches, and is most concentrated from September to
May (U.S. Army 1996a).  Snowfall is rare.  The average annual humidity in the region is 55 percent.
Total rainfall for 1996 at Fort Hood was 26.7 inches.  The ten months prior to the start of the field
program for this RFI were anomalously dry.  During the five-month period in which the field program of
the RFI was conducted, precipitation was higher than the historical monthly averages.  Severe weather in
the form of heavy rain, hail storms, and ice storms is common in the winter months.
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3.0  UNIT CHARACTERIZATION

Site FH-023 is approximately four acres in size and is the site of a former fire training area.  The former
fire training pit was located in an open area of limestone-derived soil.   Originally, the site consisted of a
shallow natural depression which was bounded on the southeast by a 10 ft high rising slope, on the south
by an old gravel road, and on the west by a gently falling slope. The estimated elevation of the former pit
was approximately 1050-1052 ft.  

Historically, used oil and other ignitable materials were dumped directly on the ground in the pit, ignited,
and extinguished as fire training exercises (USACE, 1995).   The specific types of materials burned
included; gasoline, diesel fuel, jet propellant (JP-4), aviation synthetic oil, motor oil, oil sludge, paint
thinner, and outdated DS-2.  DS-2 consists of ethylene glycol monolaurate, sodium hydroxide and
diethylene in a mixture of super tropical bleach (USACE, 1995).  An old military tank was placed in the
pit and burned repeatedly for fire training. The unit was operated in this manner between 1960 and 1980.  

The site is currently covered by a concrete taxiway, asphalt parking lot, grassy areas, and Building 90094.
Historical data on the site include as-built drawings of Building 90094 and a Foundation Design Analysis
Report (AMF, 1985) for the Aircraft Maintenance Facility, L.I. 440 dated June 21, 1985.  The Aircraft
Maintenance Facility is located immediately north of Building 90094.  Sometime between 1985 and
1995, an unknown quantity of soil was removed from the Old Fire Training Area and surrounding area
and the entire area was graded to an elevation of approximately 1035 ft.  The approximate limits of
grading are presented in Figure 3.1. There is a rise (elevation approximately 1058 ft) on the eastern edge
of the site.  This rise represents the original elevation of the area before the excavation and construction of
Building 90094.  According to Fort Hood personnel, Building 90094 was constructed in the area of the
Old Fire Training area.  Figure 3.2 contains a photograph of FH-023 taken for Fort Hood’s September
1996 Installation Action Plan submittal.  This photograph was taken looking northwest from the rise
located on the eastern boundary of the site.  Building 90094 is located to the right of the concrete
helicopter pad.  In Figure 3.2, the former fire training area would have been the area located to the right of
the utility pole, under the helicopter pad, and  potentially under a portion of Building 90094.  

The present site geography is substantially different from what it was when in use as a fire training area.
In 1986, Building 90094 and associated facilities (e.g., a helicopter wash rack, parking lots, apron, etc. )
were built adjacent to and within the fire training area.  As part of the construction, a significant quantity
of soils (consisting  predominantly of weathered limestone material) were excavated, removed, and re-
graded.  As much as 15 ft of overburden was removed from the lower elevations and the slopes to the
southeast were re-graded extensively as shown in Figure 3.1.  A possible design consideration for the
grading plan may have been to direct drainage across the site toward the toe of the adjacent southeastern
slope, which directs surface flow along the toe of the slope to the south.
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4.0  CHARACTERIZATION OF UNIT CONTAMINATION

The RFI field program was designed to do the following at SWMU FH-023:

? determine the presence or absence of contaminants in the surface and subsurface soils within the
site;

? determine the lateral boundaries of the fire training area and the vertical and lateral extent of soil
contamination , where practicable;

? characterize the migration potential of any contaminants identified in the surface and subsurface
soils;

? determine if groundwater is present below the site and if present, determine if the groundwater is
contaminated; 

? evaluate the potential human health risks associated with contaminants detected in surface and
subsurface soils; and 

? determine what, if any, corrective measures are needed to address contamination associated with
SWMU FH-023.

4.1 TECHNICAL APPROACH

Both surface (0 - 2 ft BGS) and subsurface soils (> 2 ft BGS) were sampled at FH-023.  The different soil
depths were sampled in order to provide data necessary to better characterize the potential contamination
present in different soil strata and to evaluate the potential human health risks associated with
contaminants at the site.  Contaminant concentrations will vary based on soil depth due to the chemical
nature of the contaminant (i.e., mobility), and the method by which the contaminants were deposited in
the soil.  Concentrations at the surface of the soil may differ greatly from subsurface levels.  In addition,
analysis of different soil levels is necessary in order to accurately evaluate the human health risks
associated with the contaminants.  Exposures based on surface, or direct, contact will differ from
exposure, if any, associated with contaminants in deeper soils.  At FH-023, direct contact with soils is not
likely since much of the site is covered in concrete.

Surface and subsurface samples were collected from eight soil borings installed in February and
September 1997.  The conditions during the two sampling events were similar, warm and sunny, with
September conditions being more humid and hotter than in February.  The second sampling event
(conducted in September 1997) was conducted to supplement the data base in order to better characterize
the nature and extent of contamination at the site.  Locations of the sampling points are shown in Figure
4.1.  Soil borings SB101 through SB104 were sampled in February 1997 and soil borings SB105 through
SB108 were sampled in September 1997.  Borings SB101 and SB102 were collected from the top of the
rise at the eastern boundary of the site.  Borings SB103 through SB108 were located around the existing
concrete helicopter pad.

All soil borings were drilled using a truck-mounted hollow-stem auger rig.  Soil samples were collected
using a 5 ft continuous downhole sampling device.  Samples were collected from five soil depths in
SB101 and  SB102.  Samples were collected at 0-2 ft below ground surface (BGS), 9-10 ft BGS, 10-15 ft
BGS, 15-20 ft BGS and 20-25 ft BGS at SB101 and at 0-2 ft BGS, 2-5 ft BGS, 5-10 ft BGS, 10-15 ft
BGS and  15-20 ft BGS at SB102.  Total depth to bedrock in SB101 was 25 ft and 20 ft in SB102.
Weathered limestone was encountered at 4 ft in borings SB103 and SB104; therefore samples were only
collected at 0-0.5 ft BGS and at 3-4 ft BGS in SB103 and at 0-1 ft BGS and  3-4 ft BGS at SB104.
Bedrock was encountered between 7 and 11 inches in samples SB105 through SB108; therefore, only
surface soil samples were collected at these locations.  A sample was collected at 0-0.9 inches at SB105,
0-0.6 inches at SB106, 0-0.8 inches at SB107 and 0-0.7 inches at SB108.  Boring logs for FH-023 are
provided in Appendix A.
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Samples were analyzed for volatile organic compounds, semi-volatile organic compounds, and metals.
Downhole, breathing zone, and headspace organic vapors were monitored during sampling activities.  All
soil sampling, sample handling, chain-of-custody, and other field activities were conducted in accordance
with the RCRA Facility Investigation Work Plan for 35 SWMUs (USACE 1995).   Groundwater was not
encountered in any of the borings at FH-023.

4.2 UNIT INVESTIGATION AND ANALYTICAL RESULTS

Analytical results for soils at SWMU FH-023 are provided in their entirety in Appendix B.  Table 4.1
summarizes those constituents detected above practical quantitation limits (PQLs).  Constituents detected
above  PQLs were screened against background and risk-based screening criteria as described in Section
4.3 and Section 5.0. 

4.2.1 Surface Soil Analytical Results
 
Inorganic  constituents including lead (4 ppm - 18.8 J ppm) , arsenic  (4.2 ppm - 7.7 ppm), barium (14.6
ppm - 106 ppm), cadmium (0.12 ppm - 0.37 ppm ) and chromium (6.0 ppm - 19.1 ppm) were detected
above PQLs in all of the surface soil samples collected at FH-023.  Selenium was detected above the PQL
at a concentration of  0.39 J ppm in sample SB103.  Organic constituents detected above PQLs included;
methylene chloride (9 ppb) at SB101, 2-Butanone (18 ppb and 16 ppb) at SB103 and  SB104,
respectively.  Toluene was detected at SB108 at 6 ppb.  There were no semivolatile compounds detected
in surface soils above PQLs.

4.2.2 Subsurface Samples Analytical Results

Subsurface samples collected in borings SB103 through SB108 consisted  primarily of weathered
limestone and limestone fragments and not soils.  Inorganic constituents detected in subsurface samples
above PQLs included; lead (1.2-5.2 ppm), arsenic  (1.8-5.1 ppm), barium (3.6-11.7 ppm), cadmium (0.06-
0.17 ppm) and chromium (4.1-12.4 ppm).  Organic constituents were also detected in subsurface samples
above PQLs.  Methylene chloride was detected at 15 -20 ft BGS (11 ppb)and at 20-25 ft BGS (8 ppb) in
SB101.  Methylene chloride was also detected at SB102 at 2-5 ft BGS (9 ppb) and 10-15 ft BGS (7 ppb). 
2-Butanone was detected at SB102 at 15 -20 ft BGS at 38 ppb.  Organic constituents including toluene
(15 ppb), methylene chloride (5 ppb) and 2-butanone (9 ppb) were detected at 3-4 ft BGS at SB103.
Toluene (34 ppb), 2-butanone (130 ppb) and naphthalene (8 ppb) were detected at 3-4 ft BGS at SB104.

4.2.3 Disposition of Investigation Derived Waste (IDW)

All IDW generated during drilling at FH-023 was stored in 55 gallon drums.  Four drum of solid IDW
and one drum of liquid IDW was generated during this investigation.  All drums were clearly identified
with Department of Transportation (DOT) - approved labels containing the drum’s contents, the date they
were filled, and the SWMU where the IDW was generated.  Drums were staged in the SAIC compound
pending disposition.  Analytical results from the corresponding soil samples were used to determine
whether a drum’s contents were hazardous or non-hazardous.  Contaminant levels were screened against
the Resource Conservation and Recovery Act (RCRA) “20 times” rule for the Toxicity Characteristic
Leaching Procedure (TCLP).   Provisions were made for TCLP sampling of any solid IDW drums that did
not meet the “20 times” criteria. When a site soil sample concentration for a hazardous constituent was
twenty times or greater than its respective leachate concentration listed in 30 TAC Chapter 335,
Subchapter R, Appendix 1, Table 1, a sample was collected.  All solid IDW was determined to be non-
hazardous by this method, and was transported to the Fort Hood Sanitary Landfill for disposal.  All liquid
IDW generated for this SWMU resulted from the 
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decontamination of the drilling rig and other sampling equipment.  Liquid IDW was non-hazardous and
was disposed of in the 1st Calvary Division Tactical Vehicle Wash Facility.  The drums containing the
non-hazardous liquid are expected to contain a significant amount of sediment.  Disposal at the 1st
Calvary Division Tactical Vehicle Wash Facility was determined to be more appropriate than discharging
the liquid to the sanitary sewer system.  The Vehicle Wash Facility is a closed loop system consisting of
three ponds used to settle out the dirt and sediment washed off the armored vehicles.

4.3 BACKGROUND CHARACTERIZATION AND COMPARISONS WITH WASTE UNIT SAMPLING RESULTS

In order to characterize naturally occurring constituents in soils at Fort Hood, samples were located and
collected at 10 separate locations within the facility boundaries in the north, west, and main cantonments.
Sampling locations are believed to be outside the influence of past or current industrial and/or waste
activities at the facility.  The general background sampling locations are presented in Figure 4.2.
Background soils data and soil boring logs are presented in Appendices C and D, respectively.

A total of 44 background soil samples (surface and subsurface) were analyzed for the following metals:
arsenic, barium, cadmium, chromium, lead, mercury, selenium, and silver.  There were only 40 valid
background sample results for selenium because of quality assurance/quality control (QA/QC) problems
with the selenium data. A discussion of the QA/QC is presented in Section 6.1.  Mercury was detected in
only 1 of 43 background samples and  selenium in 2 of 40 background samples.  Silver was not detected
in any background soil sample.  

Two statistical methods presented in the RFI Work Plan can be used to determine if there is a statistically
significant difference between background soil concentrations and the concentrations of metals detected
in SWMU samples.  The flow chart from the Final RCRA Facility Investigation Work Plan for 35
SWMUs  (USACE 1995) used for the statistical evaluations is provided in Appendix D.  Background
statistical calculations were determined by combining metals results from surface soils (0-2 ft) and
subsurface soils (>2 ft) into one background data set.  The statistical methods used to evaluate the
background soil results are presented in Section 6 of the Final RCRA Facility Investigation Work Plan
(USACE 1995).  The methods include: (1) a 95% upper tolerance limit (UTL) calculation, and (2) an
overall data set mean background concentration.

The primary statistical method for screening data is to compare SWMU data to the respective background
95% UTL values.  The 95% UTL is an estimate of the 95th percentile of the population of background
concentrations, such that, with a high degree of confidence, 95% of all background concentrations would
be less than the UTL value.  Results of the 95% UTL calculation are presented in Table 4.3.   For
inorganic parameters where there were fewer than 50% detects, and the distribution was neither normal
nor lognormal, the maximum detected concentration was used in place of the 95% UTL.  For inorganic
parameters where there were no detects, the PQLs were used in place of the 95% UTLs as the background
comparison value.  The 95% UTL background values for soils were used as the primary background
screening criteria for inorganics.  Appendix D contains spreadsheets of the Shapiro Wilk test on the
background data for distribution, and results of the 95% UTL calculations for the background data.

The second statistical method compares the mean concentration for each metal in background samples to
the mean for each metal in the SWMU samples.  This method was not used for FH-023.
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Table 4.2  Statistical Analysis of 95% UTL Concentrations
 Background Soils

Analyte (units) Mean 95% UTL
Maximum

Detect
Results >

PQL
Distribution

Arsenic (mg/kg) 4.3500 9.19 11.6 43/43 N

Barium (mg/kg) 30.19 157.3 155.0 43/43 L

Cadmium (mg/kg) 0.15 0.67 0.79 36/44 L

Chromium (mg/kg) 7.32 24.88 23.6 44/44 L

Lead (mg/kg) 5.77 19.0 33.20 44/44 L

Mercury (mg/kg) 0.0400 0.04* 0.04 1/44 D

Selenium (mg/kg) 0.345 0.44* 0.44 2/40 D

Silver (mg/kg) 0.218 ** ND 0/44 D

Results less than the detection limit were set to ½ the reported detection limit.
L-distribution most similar to lognormal.
N-distribution most similar to normal.
D-distribution not determined because fewer than five detects or less than 50% detects.
*UTL -maximum detected
**The 95% UTL could not be calculated due to no detects in the background data set, therefore, the PQL
is used as the background comparison value. 
ND - Not Detected
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5.0  SOIL SCREENING ANALYSIS

The Texas Natural Resource Conservation Commission (TNRCC) has promulgated risk reduction
standards (30 TAC 335, Subchapter S) for soils and groundwater for residential and industrial land uses.
Risk Reduction Standards (RRSs) Number 1 are defined as background concentrations (95% Upper
Tolerance limit, UTL) or analytical practical quantitation limit (PQL) values, whichever are greater.  The
TNRCC RRSs Number 1 are used to determine if there has been a release of hazardous constituents from
a site.   In order to screen the data generated at FH-023 and to determine whether there has been a release
at the site, inorganic  soil sample results were compared to the 95% UTL background concentration levels.
Background soil levels were determined for 8 metals and the results are presented in Section 4.3.  None of
the metals detected in surface or subsurface soils at FH-023 were detected above 95% UTL background
levels except for selenium.  Selenium was detected in one surface soil sample at an estimated
concentration of 0.39 ppm compared to the PQL of 0.34 ppm.   The 95% UTL background comparison is
used as the screening criteria for this report when available.  For selenium the PQL was used as the
screening value.  Constituents detected above PQLs were further screened using TNRCC RRSs Number
2.  The TNRCC RRSs Number 2 for soils are numerical values established by the TNRCC as protective
of human health and the environment.  Constituents that are present at levels at or below these values are
not considered to be a risk to human health.  TNRCC has calculated soil RRSs Number 2 for residential
and industrial scenarios based on two pathways: (1) ingestion of soil and inhalation of particulates and
volatiles and, (2) a soil-to-groundwater cross-media protection concentration.  Selenium was screened
against the more conservative of the two standards (soil-to-groundwater cross-media protection
concentration) for an industrial land use scenario and was not  present above TNRCC RRSs Number 2.
In addition, selenium was not detected above the residential soil-to-groundwater cross-media protection
c oncentration.  Table 5.1 summarizes screening results above TNRCC RRSs Number 1 for constituents at
FH-023.  Appendix F contains the results of the screening analysis in its entirety.  Figure 4.1 presents the
sample locations and analytical results above screening criteria.

Because there are no background concentration data for organic  constituents, these constituents were
screened against chemical-specific  PQL values.  Organic constituents detected above PQLs included;
methylene chloride, 2-butanone, toluene, and  naphthalene.  Organic constituents detected above PQLs
were further screened using TNRCC RRSs Number 2.  The TNRCC RRSs Number 2 for soils are
numerical values established by the TNRCC as protective of human health and the environment.
Constituents that are present at levels at or below these values are not considered to be a risk to human
health.  TNRCC has calculated soil RRSs Number 2 for residential and industrial scenarios based on two
pathways: (1) ingestion of soil and inhalation of particulates and volatiles and, (2) a soil-to-groundwater
cross-media protection concentration.  Organic constituents were screened against the more conservative
of the two standards (soil-to-groundwater cross-media protection concentration) for an industrial land use
scenario.  None of the organic constituents detected above PQLs in surface or subsurface materials at FH-
023 were present above TNRCC RRSs Number 2.  In addition, none of the organic constituents were
detected above the residential soil-to-groundwater cross-media protection concentration.  Table 5.1
summarizes screening results for organic  constituents at FH-023.  Appendix F contains the results of the
screening analysis in its entirety.  Figure 4.1 presents the sample locations and analytical results above
screening criteria.
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Table 5.1 Comparison of Constituents Detected Above TNRCC RRSs Number 1 to 
TNRCC RRSs Number 2

Analyte Maximum 
Concentration

(mg/kg)

Depth
(ft)

TNRCC Criteria
Industrial*
(mg/kg)

TNRCC Criteria
Residential* (mg/kg)

Selenium 0.39 0-2 5 5

Methylene
Chloride

0.01 0-2 0.5 0.5

2-Butanone 0.13 3-4 511 183

Toluene 0.034 3-4 100 100

Naphthalene 0.008 3-4 409 146

* soil-to-groundwater cross-media protection concentration
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6.0  INVESTIGATION ANALYSIS

6.1 DATA QUALITY ASSURANCE/QUALITY CONTROL

The Fort Hood RFI Work Plan, the contract laboratory’s Quality Assurance Plan, and USEPA SW-846 or
other approved procedures  for analytical chemistry and physical testing methods were followed for field
and laboratory  quality assurance/quality control (QA/QC) of FH-023 samples.  Field QC samples
included trip blanks, rinsate blanks, field duplicates, and split samples.   All QA and QC samples were
collected as replicate samples of the same field sample. The QA and QC samples were collected at a
frequency of 10 percent and analyzed along with the associated environmental samples.  Laboratory QC
procedures as prescribed by each analytical method were followed by the contract laboratory and
included, where applicable: gas chromatography/mass spectrometry (GC/MS) tuning, initial and
c ontinuing calibrations, method/extraction blanks, laboratory control samples (LCS), surrogate spikes,
internal and external standards, duplicates, matrix spikes/matrix spike duplicates (MS/MSDs), inductively
coupled plasma (ICP) and atomic  absorption (AA) related QC procedures/samples, and spiked sample
clean-up results.

Quality control analyses were conducted by the contract laboratory as an internal control measure of the
accuracy and precision of the data.  Quality assurance sample analyses were performed by the Army
Corps of Engineers’ Southwestern Division Laboratory as an external control measure of the accuracy
and precision of the contract laboratory’s results and of sampling procedures.  The QA/QC and
corresponding field sample results are reviewed by Army Corps of Engineers quality assurance personnel,
who then issue a Chemical Quality Assurance Report (CQAR).  

It should be noted that replication of a concentration of a constituent in soil samples is difficult due to the
heterogeneity of soils.  Analyses are considered good and reproducible for soil samples if the highest
concentration reported in a set of samples for a single field sample is less than five times the lowest
concentration reported in the same set of samples.  This holds true as long as all other quality control
measures and data quality objectives (e.g. holding times, surrogate recoveries, internal standards, etc.) are
met.

According to the CQAR, the following were weaknesses in the data for FH-023:

? potential for false negatives in samples SB106 and SB107 for dichlorodifluoromethane, 2-
chloroethyl vinyl ether, and 1-chlorohexane due to LCS and LCSD not meeting QC criteria;

? potential for false positives in samples SB108 and SB105 for methylene chloride due to its
presence in the method blank; and

? QA, QC, and field sample results agreed for all analyses except for acetone, that was detected in
the QA sample but not the other two.

Based on these findings and a review of the data results, the data is useable as qualified and the potential
weaknesses do not impact the conclusions of this report.  



25

Data QA/QC procedures also included an independent data validation of 10 percent of the results for
compliance of analyses to data quality objectives. All results for FH-023 data that were reviewed as a
function of the data validation task met project data quality objectives and are usable data, with the
exception of  selenium results for 10 background soil samples (2 surface and 8 subsurface).  The selenium
results where rejected due to unacceptable matrix spike recoveries and were therefore excluded  from
background calculations.   The rejected background data had no impact on the FH-023 results.  No other
problems with the data were encountered.  A copy of the laboratory results and the associated quality
control sample results are included in Appendix B.  

6.2 INVESTIGATION RESULTS

The data set for surface and subsurface soils at FH-023 and the quality of the data are useable to meet the
objectives of the RFI as described in Section 4.0 of this report.  A total of 22 soil samples were collected
from eight soil boring locations and analyzed according to the Final RCRA Facility Investigation Work
Plan for 35 SWMUs (USACE 1995).  Analytical results indicate that inorganic compounds except
selenium were present in FH-023 surface and subsurface soils below corresponding 95% UTL
background concentrations.  Selenium was detected at a low estimated concentration in one surface
sample at a concentration approximate to the PQL or TNRCC RRS 1.  Selenium is not believed to be
from a release from fire training activities, but rather a data anomaly.  The selenium concentration was
not above TNRCC RRS Number 2 for residential and industrial land use.  

Up to fifteen feet of soils from the lower elevations of the original depression at FH-023 were excavated
and regraded during construction in 1986 of Building 90094 and associated facilities (e.g. helicopter wash
rack, parking lots, apron, etc.).  It is very likely that soils directly associated with the fire training area
were excavated and removed/reworked during the construction.  The soil, consisting predominantly of
weathered limestone material, was removed from the lower elevations, and the slopes to the southeast
were re-graded extensively.  The grading was designed to direct the surface water drainage across the site
toward the toe of the adjacent southeastern slope.  The removed soils were likely used as backfill at other
construction locations and are likely to currently be covered by an impermeable layer (asphalt or
concrete).  Compounds associated with fire training exercises, i.e., PAHs, are less mobile and would
likely have been present in the surface soils removed from the area.  The more mobile constituents, the
volatile organics, would be detected in low concentrations in deeper soils remaining at the site.  However,
the organic  compounds detected above PQLs at FH-023 are commonly used and the presence of these
constituents could be due to activities currently taking place on or near the site.  Potential activities at the
adjacent parking lot or the nearby wash rack such as vehicle exhaust, storm water runoff, pavement
maintenance, and wash rack discharge could  attribute to the presence of these constituents at the detected
low levels at FH-023.

Organic  constituents detected in soils above PQLs included methylene chloride, toluene, 2-butanone
(MEK), and naphthalene.  Methylene chloride (SB101),  2-butanone (SB103, SB104) and toluene
(SB108) were detected in surface soils.  Methylene chloride was detected at 15 -20 ft BGS and at 20-25 ft
BGS  in SB101.  Methylene chloride was detected at SB102 at 2-5 ft BGS and 10-15 ft BGS.  2-Butanone
was also detected at SB102 at 15 -20 ft BGS.  Toluene, methylene chloride, and 2-butanone were detected
at 3-4 ft BGS at SB103.  Toluene, 2-butanone, and naphthalene were detected at 3-4 ft BGS at SB104. 
Figures  6.1 and  6.2 show cross sections of FH-023 and depicts the depths at which these organic
constituents were detected.  The following discussion presents a rational for not attributing these organic
contaminants to fire training activities at FH-023.  None of the organic constituents were detected at
concentrations above TNRCC RRSs Number 2 for residential and industrial land use. 
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Methylene Chloride

Methylene chloride was detected in seven soil samples from four soil borings ranging in concentration
from 2 to 9 ?g/Kg, and ranging from a depth of 3.0 to 25.0 ft.  The following evidence exists to support
the conclusion that the methylene chloride values are false positives.  

1.) Methylene chloride was detected in SB101 and SB102.  Both of these borings were:  located on
top of the hill to the south and southeast of the fire training pit in areas that were undisturbed by
the 1986 construction activities, and  unlikely to be areas where fire training activities took place. 
Fire training activities more likely occurred in the nearby depression.  If fire training activities
had taken place on or near the locations of these borings, then heavier less volatile compounds
(e.g. semivolatiles including PAHs would have also been found).      

2.) Methylene chloride was detected in the 0.0-0.9 ft sample from SB105 and in the 0.0 -0.66 ft
sample from SB108.  Data validation of these samples indicates these were false positives due to
the presence of methylene chloride in the associated laboratory method blank.  

3.) Methylene chloride is a common laboratory contaminant, and it is not unusual for false positives
to occur in environmental samples at such low concentrations with no discernable source.

For these reasons, all the methylene chloride values are considered suspect and are not due to the old fire
training activities.

2-Butanone (MEK)

2-Butanone (a.k.a., methyl ethyl ketone, or MEK) was found in five samples in three borings.  MEK was
detected at a concentration of 38 ?g/Kg in the 15.0 to 20.0 ft sample from SB102; 18 ?g/Kg in the
surface sample and 9 ?g/Kg in the 3.0 to 4.0 ft sample from SB103; and 16 ?g/Kg in the surface sample
and 130 ?g/Kg in the 3.0 to 4.0 ft sample from SB104.  The veracity of the MEK data is in doubt for the
following reasons.

1.) MEK was detected in the 0.0 to 0.5 ft sample from SB103, and in the 0.0 to 1.0 ft sample from
SB104.  If the source of this substance were indeed the past fire training activities, such a volatile
compound would not be expected to persist in surface soils in such a warm climate after almost
15 years of exposure.  The presence of MEK in these shallow samples could be  from  another
more recent source other than past fire training activities.  

2.) MEK is a common laboratory contaminant, and it is not unusual for false positive to occur in
environmental samples with no discernable source.

3.) The eight soil boring were performed in two groups four months apart.  All of the MEK detection
were observed in the first group of four borings (SB101 through SB104), with none detected in
the second set (SB105 through SB108).  MEK was detected in SB103 and SB104, but not in
SB106 which lies between these two borings.  This could be indicative of a systematic error in
the first sampling event or analytical batch that disappeared in the second sampling event or
analytical batch.

For the above listed reasons,  the MEK values are considered suspect and are likely to represent false
positives.  The only exception to this could be the 130 ?g/Kg MEK detected at 3.0 to 4.0 ft in SB104.  It
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should be noted that sample SB104 had the most number of detected VOCs along with some relatively
high concentrations.  Sample SB104 was taken directly inside the curbed areas of the parking lot and the
wash rack areas and SB103 and SB108 were situated directly within the surface drainage pathway across
the site.  The first sampling event occurred under wet conditions with standing water throughout the FH-
023 area.  Therefore, the most likely source for the presence of MEK could be contaminated runoff from
the adjacent automobile and aircraft parking areas, taxiways, or nearby vehicle wash racks.  

Toluene

Toluene was found in four soil samples in three borings in concentration ranging from 4J ?g/Kg to 34
?g/Kg in depths from surface to 4.0 feet.  Toluene is an aromatic compound often associated with light
petroleum fuels such as gasoline and diesel along with other BTEX compounds (i.e., benzene, toluene,
ethyl benzene, and xylenes).  The following are reasons for not attributing toluene contamination with fire
training activities.  

1.) Two of the four detections were in surface samples (SB104 and SB108).  Toluene would have
evaporated or would have been biodegraded after approximately 15 years of exposure in Fort
Hood’s warm climate.  This indicates that the source of toluene could not be past fire training
activities.  However, it does not preclude a more recent source such as the nearby automobile
parking lot, aircraft maintenance hangar, a helicopter flight line, and an helicopter wash rack area.

2.) Toluene is a common laboratory contaminant, and it is not unusual for false positives to occur in
environmental samples with no discernable source.  However, the locations where toluene was
detected are all relatively close to and immediately down-gradient from a washing station (wash
rack).  Drainage or runoff from nearby areas or facilities could contain fuel and residuals
including BTEX (toluene) compounds that would be deposited down-gradient from these areas. 

Naphthalene

Naphthalene was detected in only one sample at a concentration of 8 ?g/Kg at a depth of 3.0 to 4.0 ft in
SB104 by USEPA SW846 Method 8260 for VOCs.  The following are reasons to suspect the naphthalene
result.

1.) Naphthalene is one of about 17 polynuclear aromatic hydrocarbons (PAHs) that are commonly
found in heavier fuels and oils and is more commonly and accurately analyzed by using USEPA
SW846 Method 8270 for semivolatile compounds (SVOCs).  The naphthalene was detected at
FH-023 using Method 8260 for VOCs at a concentration of 8 ?g/Kg compared to a detection
limit of 5 ?g/Kg and was not detected by the more accurate and accepted Method 8270 for
SVOCs.  

2.) When found as an environmental contaminant, naphthalene is more commonly detected with one
or more of its sister PAH compounds (e.g., acenaphthene, acenaphthalene, anthracene,
fluoranthene, phenanthrene, pyrene, chrysene, etc.) using Method 8270.  No other PAHs were
detected in any sample at FH-023.

3.) Sample SB104 was located within the curbed areas of the parking lots and wash rack
areas.  This sample was collected during a wet period and runoff from nearby locations and
current activities could explain the low detection.  
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7.0  CONCLUSIONS AND RECOMMENDATIONS

Analytical results for soils at FH-023 indicate that inorganic constituents detected in surface and
subsurface soils at the unit are not present at concentrations that exceed the 95% UTL background
concentration for the compound except for selenium.  Selenium was detected in one surface soil sample at
an estimated concentration at approximately the PQL.  No 95% UTL value was available for selenium
due to all nondetects in the background samples.  Therefore based on professional judgement, selenium
does not exceed TNRCC RRS Number 1 at the site.  TNRCC RRS Number 2 for selenium was not
exceeded.  

Organic  constituents including: methylene chloride, 2-butanone, and toluene were present in surface and
subsurface soils/materials at the unit at low concentrations.  No semivolatile compounds, by the
appropriate USEPA SW846 Method 8270, indicative of fire training exercises were detected at the site.
The detected organic  compounds are individually discussed in Section 6.2 to present the validity and
consistency of  the results with past and current activities.  In summary, based on professional judgement,
the detected VOCs are low concentrations of common laboratory organic contaminants and are not
present due to fire training activities from 1960 through 1980.  The more likely explanation for the
presence of the VOCs, based on the locations of the samples with detected compounds, is runoff from
current activities such as from parking areas, taxiways, and vehicle wash racks.  Additionally, in 1986
much of the natural soils (up to 15 feet of overburden) were removed and/or regraded at this site during
the construction of Building 90094.  Based on the results of this RFI investigation, no further action is
recommended and FH-023 should be considered closed under TNRCC RRSs Number 1.



31

8.0  REFERENCES

AMF, 1985. Foundation Design Analysis, Aircraft Maintenance Facility, L.I. 440, U.S. Army Corps of
Engineers, Fort Worth District, June 21, 1985.

BEGM 1979.  Geologic Atlas of Texas, Waco Sheet (map).  University of Texas at Austin/Bureau of
Economic Geology.

30 TAC 335.  Industrial Solid Waste and Municipal Hazardous Waste, Subchapter K.  Hazardous
Substance Facilities Assessment and Remediation.

U.S. Army.  1996a.  Fort Hood 1996 Public Affairs Document.  72p.

U.S. Army.  1996b.  Fort Hood Command Information Summary, 2nd Quarter 1996.  Public Affairs
Office, 21p.  (leaflet).

U.S. Army.  1992 “History of Fort Hood: The First Fifty Years 1942-1992.”  III Mobile Army Corps, 7p.
(leaflet).

USACE.  1995.   Final RCRA Facility Investigation Work Plan.  35 Solid Waste Management Units, Fort
Hood, Texas.  December 1995.

USDA. 1985a.  Soil Survey of Coryell County, Texas.  Soil Conservation Service.

USDA. 1985b.  Soil Survey of Bell County, Texas.  Soil Conservation Service.

USEPA. SW-846 Test Methods for Evaluating Solid Waste.  Physical/Chemical.  Second Edition, Rev. 0,
September, 1986, and Third Edition, Rev. 1, November 1990.

USEPA. 1989.  Guidance Document on the Statistical Analysis of Groundwater Monitoring Data at
RCRA Facilities, EPA/530-SW-89-026.




















































































































































































































































































































































































































































































































































































































	FH-023 (Old Fire Training Area)
	TABLE OF CONTENTS
	ACRONYMS
	1.0 INTRODUCTION
	1.1 BACKGROUND
	1.2 SCOPE AND OBJECTIVES

	2.0 ENVIRONMENTAL SETTING
	2.1 PHYSIOGRAPHIC SETTING
	2.2 GEOLOGIC CONDITIONS
	2.2.1 Bedrock
	2.2.2 Unconsolidated Materials

	2.3 CHARACTERIZATION OF SOILS
	2.4 CHARACTERIZATION OF CLIMATE

	3.0 UNIT CHARACTERIZATION
	4.0 CHARACTERIZATION OF UNIT CONTAMINATION
	4.1 TECHNICAL APPROACH
	4.2 UNIT INVESTIGATION AND ANALYTICAL RESULTS
	4.2.1 Surface Soil Analytical Results
	4.2.2 Subsurface Samples Analytical Results
	4.2.3 Disposition of Investigation Derived Waste (IDW)

	4.3 BACKGROUND CHARACTERIZATION AND COMPARISONS WITH WASTE UNIT SAMPLING RESULTS

	5.0 SOIL SCREENING ANALYSIS
	6.0 INVESTIGATION ANALYSIS
	6.1 DATA QUALITY ASSURANCE/QUALITY CONTROL
	6.2 INVESTIGATION RESULTS

	7.0 CONCLUSIONS AND RECOMMENDATIONS
	8.0 REFERENCES
	TABLES
	Table 4.1 FH-023 Analytes Detected Above Practical Quantitation Limits
	Table 4.2 Statistical Analysis of 95% UTL Concentrations Background Surface Soils
	Table 5.1 Comparison of Constituents Detected Above TNRCC RRSs Number 1 to TNRCC RRSs Number 2

	FIGURES
	Figure 1.1 Fort Hood Vicinity Map
	Figure 1.2 Fort Hood Installation Map
	Figure 2.1 Topography of West Ft. Hood
	Figure 3.1 Grading Plan for Building 90094
	Figure 3.2 Photograph of FH-023
	Figure 4.1 Sampling Locations at FH-023 and Results Above Screening Criteria
	Figure 4.2 Background Sampling Locations
	Figure 6.1 Cross Section A A’ FH-023
	Figure 6.2 Cross Section B B’ FH-023

	APPENDICES
	A FH-023 Soil Boring Logs
	B FH-023 Analytical Results
	C Fort Hood RFI Background Soils Data
	D Fort Hood RFI Background Soil Boring Logs
	E Statistical Calculations
	F FH-023 Screening Results


